Flavonoids are a common component of the human diet with widely reported health-17 promoting properties. The gut microbiota transforms these compounds affecting the overall 18 metabolic outcome of their consumption. Flavonoid-degrading bacteria are often studied in 19 isolation under culture conditions that do not resemble the conditions in the colon and that
eliminate the multiple interactions that take place in complex communities. In this study, a 21
comparative metataxonomic analysis of fecal communities supplemented with the flavonoid 22 quercetin led us to identify a potential competitive exclusion interaction between two sequence 23 variants related to the flavonoid-degrading species, Flavonifractor plautii, that belong to the same 24 genus but different species. During incubation of fecal slurries with quercetin, the relative 25 abundance of these two variants was inversely correlated; one variant, ASV_65f4, increased in Flavonoids are 3-ring phenolic compounds found in fruits and vegetables, their regular 43 consumption is associated with health benefits (1,2). Among these, quercetin is one of the most abundant in the human diet. It exerts effects on the immune, digestive, endocrine, nervous, and 45 cardiovascular systems (3-6). Some gut bacteria can cleave the central ring in the flavonoid 46 skeleton by a process known as C-ring fission which generates smaller phenolic products. In the case of quercetin, phloroglucinol and 3,4-dihydroxyphenylacetic acid (DOPAC) are formed (7). It
48
is not clear to what extent do the health effects of flavonoids depend on their transformation to 49 biologically active compounds by the gut microbiota. Vissiennon and collaborators showed that 50 the anxiolytic activity of quercetin is induced by DOPAC and not by the parent compound, 51 evidencing a case in which the microbial metabolite exerts the beneficial effect (8) . DOPAC has 52 also antiproliferative activity in colon cancer cells (9) and anti-platelet aggregation activity (10).
53
Additionally, the well-recognized quercetin-degraders, F. plautii (formerly Clostridium 54 orbiscindens) and E. ramulus, are also butyrate-producers, a short-chain fatty acid that is the 55 preferred source of energy of colonocytes and essential for colon health (11) (12) (13) (14) .
56
Most commonly, these flavonoid-degrading bacteria are studied in pure culture, however, 57 they reside in the colon where more than 10 13 bacterial cells inhabit (15). In vitro fecal incubation 
66
In this study, microbial community dynamics from different subjects were analyzed 67 individually by in vitro incubations of feces with quercetin. Through this approach, we identified 68 variants related to flavonoid degraders that became enriched upon incubation with quercetin and that were consistently observed across 15 healthy subjects. Since it is known that differences in 70 a small set of genes between bacterial strains can have a profound impact on the host's 71 physiology (21), we used a genomic comparison analysis of close relatives of these variants to 72 infer genetic differences between them. Potential metabolic and structural differences were 73 detected between these variants, thus, we propose that their role in the gut microbiome is 74 differentially affected by carbon sources and interactions with other members of the community 75 and may have distinct roles in the degradation of the flavonoid. Table) ,
77

Materials and Methods
205
four belonged to the Ruminococcaceae family and two to the Lachnospiraceae. This group of 206 sequences was subjected to a more detailed phylogenetic analysis which revealed that the 207 closest relatives were members of the genera Eubacterium (Lachnospiraceae), Flavonifractor 208 (Ruminococcaceae) and Intestinimonas (Ruminococcaceae) (Fig 1) . As a result of this 209 phylogenetic analysis, we identified ASVs that were 100 % identical to F. plautii (ASV_65f4) and 210 E. ramulus (ASV_c588) (S5 Table) . These ASVs were the ones that increased in abundance the 211 most when quercetin was present compared to the controls, together with another one related to 212 the Flavonifractor genus (ASV_a45d) (Fig 2) . Although ASVs related to Eubacterium and
213
Intestinimonas genera were enriched significantly in 1 or 2 libraries, Flavonifractor-related ASVs 214 were found to be more ubiquitous after quercetin incubation, with at least one variant significantly 215 enriched in every library (S4 Table) . It should be noted that one of these Flavonifractor-related 216 variants, ASV_65f4, showed also a significant increase when no quercetin was present in the medium (S4 A Fig) , indicating that this ASV is favored by the culture conditions used.
218
Nevertheless, its relative abundance increased significantly more when quercetin was present 219 (S4 B Fig) . This behavior did not change when higher concentrations of fecal matter were tested
220
(1 and 10 mg/ml). The other Flavonifractor variant, ASV_a45d, showed no enrichment in media 221 with no quercetin. 
224
The phylogenetic tree shows six ASVs (black dots) whose abundance increased in the presence 225 of quercetin; distances in the tree were inferred using the UPGMA method (32). The optimal tree 226 with the sum of branch length = 2.18101115 is shown. The tree is drawn to scale, with branch were related to the genus Flavonifractor (Fig 1) ; this negative correlation was not present in 246 incubations without quercetin. This pattern was investigated in a second experiment using human 247 microbiota-associated mice (HMAM). Germ-free mice were inoculated with fecal samples from 248 six human subjects different from the previous ones and after a period of acclimatization to the 249 diet, fecal pellets were retrieved and used for in vitro incubations with quercetin. Both ASVs,
250
ASV_65f4 and ASV_a45d, were present in all 6 subjects, and after quercetin treatment, a 251 negative correlation between these two ASVs was again evident (Fig 3 B ). Which ASV dominated (Fig 4 A) . Nevertheless, this disturbance did 257 not affect the pattern of dominance of ASV_65f4 over ASV_a45d or vice versa, previously 258 observed (Fig 3 B) . PCA analysis showed that component 2 was explained by diet at 0 days of 259 incubation (Fig 4 A) and by the enrichment of the Flavonifractor-related variants (ASV_65F4 or 260 ASV_a45d) at day 7 (Fig 4 B ). E. ramulus-related ASVs (ASV_c588 and ASV_ace8) were not 261 present in these libraries, and only one Intestinomonas-related ASV was present (ASV_f8d4),
262
which increased in relative abundance during incubation with quercetin. 
282
Fecal sample combinations showed the dominance of ASV_65f4 over ASV_a45d.
283
After replicating the biological phenomenon between ASV_65f4 and ASV_a45d using fecal 284 samples from different subjects, we aimed to study this pattern in cocultures. Unfortunately, only
285
ASV_65f4 was isolated in pure culture (data not shown) while ASV_a45d could not be isolated.
286
Thus, an experiment combining fecal samples that were previously enriched in ASV_65f4 or by the combination of fecal samples reaching a relative abundance below 1 % ( Fig 5) . Desulfovibrio was significantly higher (p<0.05 in all 3 experiments) (Fig 6 A) . When present,
312
Desulfovibrio sp. increased in relative abundance in the medium supplemented with acetate.
313
Meanwhile, when ASV_65f4 was dominant, the relative abundance of the genus
314
Phascolarctobacterium was significantly higher (p<0.05 in all 3 experiments) (Fig 6 B ). This genus 315 increased in relative abundance during incubation as well. Fig 7) . Eut operons 1 and 2 located in different parts of the genome and their proteins were highly similar but not identical (data not shown). Predicted proteins 346 involved in the formation of flagella, flagellar proteins that interact with chemotaxis proteins, 347 components of the flagellar motor that determine the direction of flagellar rotation, and the 348 secretion of flagellar proteins were only presented in ASV_65f4-related group and Flavonifractor 349 sp. strain An306 (Table 1 and S6 Table) . The core set of flagellar genes (26 genes) (39) was 350 identified in the 4 genomes belonging to ASV_65f4-related group, except for one of the genes 351 that encode for a rod protein, FlgB, which was not found in F. plautii strain 2789STDY5834932.
352
Meanwhile, the group more closely related to ASV_a45d was enriched in genes for galactose 353 metabolism ( Table) . we sought functional capabilities that may allow one to thrive over the other.
447
Flavonifractor species clusters exhibited important differences in functional capacities.
448
One clear difference found that might help explain why only ASV_65f4 increased in relative 449 abundance in incubations supplemented with acetate but no quercetin was that ASV_65f4-related 450 group had an enrichment of operons related to ethanolamine utilization. As far as we know, 518 importance stood out in our experiments was that this genus was not affected by the diet fed to its carbon needs, this could explain why the presence of Desulfovibrio sp. only affects ASV_65f4.
521
The observations of this study show that Flavonifractor-related variants have the potential 522 to utilize different carbon sources, interact with different species, and have different structural 523 traits like motility. Thus, they might have a different impact on the host and the gut microbiome.
524
Whether there is competition between Flavonifractor-related variants during flavonoid 525 consumption warrants further investigation, as well as their metabolic capacity to degrade 526 flavonoids, and the prevalence of these variants in other human populations. 
